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(5) Japanese Patent Application Laid-OpenNo. 8-181571: 
"ACTIVE INDUCTOR" 

The following is English translation of an extract of the above application. 

5 Fig. 8 shows a first conventional structure of an active inductor (Japanese 

Patent Publication No. 5-24685). 

In the active inductor, a source-grounded FET 3 1 and a gate-grounded FET 32 
are cascode-connected to each other, a resistor 41 having a resistance value R is 
connected between a gate electrode G of FET 31and a drain electrode D of FET 32, and 

10 the drain electrode D and a gate electrode G of FET 32 serve as terminals 1 and 2 of the 
inductor. Connected between the terminals 1 and 2 is a resistor 42 having a resistance 
value Ro that serves to suppress an increase in the inductance value in high-frequency 
characteristics and to approximate the inductance value to a certain value in a wide range 
of frequencies. In the drawing, a capacitor for blocking dc voltage is represented by C. 

15 Since impedance Z 0 viewed from the terminals 1 and 2 toward FET 32 is inductive, the 
FET circuit can be used as an active inductor. 

Fig. 9 shows a second conventional structure of an active inductor (Japanese 
Patent Laid-Open No. 2-205107). In the active inductor, a source-grounded FET 31 and 
a gate-grounded FET 32 are cascode-connected to each other, a gate-grounded FET 33 is 

20 connected for providing one-way feedback from a drain electrode D of FET 32 to a gate 
electrode G of FET 31, and the drain electrode D and a gate electrode G serve as 
terminals 1 and 2 of the inductor. A similar resistor 42 is connected between the 
terminals 1 and 2. In the drawing, a capacitor for blocking dc voltage is represented by 
C. The impedance Z 0 is generally determined only by the inductance in microwave 

25 bands having relatively low frequencies, which means a loss-less inductor is obtained, so 



that the structure results in improved high-frequency characteristics than in the first 
conventional structure shown in Fig. 8. 

Fig. 10 shows a third conventional structure of an active inductor (Japanese 
Patent Laid-Open No. 2-205 107). A feedback circuit formed by gate-grounded FETs 33 
5 and 34 which are cascode-connected to each other is provided instead of the feedback 
circuit formed by FET 33 in the second conventional structure shown in Fig. 9. Since 
impedance Zo viewed from the terminals 1 and 2 toward FET 32 is inductive, the FET 
circuit can be used as an active inductor. The impedance Zo is determined only by 
inductive and negative resistance components, sothat the impedance Z has only inductive 
10 resistance component when a resistor 42 canceling the negative resistance component 
between the terminals 1 and 2. Therefore, a loss-less inductor is obtained. 

Impedance Zo viewed from the terminals 1 and 2 toward FET 32 in the case 
where resistance 42 is not present will be obtained in each conventional structure. 

First, in the first conventional structure shown in Fig. 8, suppose, for the 
15 simplicity of analysis, that the characteristics of FETs 31 and 32 are electrically identical, 
and that the impedance is determined only by the depletion layer capacitances Cgsi and 
CgS2 between the gate and source just beneath the gate and transconductances gmi and 

gm2, the impedance Zo is given as follows: 

1 + jcoCgs x R 
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20 Here, the cut-off frequency f T of FET is given as follows: 

f T = gmi/(2 it Cgsi) = gm 2 /(2 k Cgs 2 ) 
In the same wafer, it is easy to construct such FETs in which cut-off frequencies fr have 
the same characteristics. As shown in Fig. 1 1(a), an equivalent circuit is approximately 
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15 



20 



equivalent to a circuit in which a capacitor 53 having a capacitance of (f/fr) 2 Cgsi and a 
series circuit formed by a resistor 51 having a resistance value of 1/gmi and a capacitor 
52 having an inductance value of CgsiR/gmi are connected in parallel to each other. 
When FET having a short gate length for microwave bands is used in frequency bands 
below f T /3, an equation (f/ f T ) 2 = 1/9<C 1 holds, so that the imaginary term of the common 
denominator of the expression (1) becomes negligible. Thus, the equivalent circuit 
becomes a series circuit of the resistor 51 and the inductor 52. In this way, the 
impedance Z 0 viewed from the terminals 1 and 2 toward FET 32 is inductive, which 
indicates that the FET circuit functions as an active inductor. 

Next, in the second conventional structure shown in Fig. 9, suppose, for the 
simplicity of analysis, that the characteristics of FETs 31, 32 and 33 are electrically 
identical, and that the impedance is determined only by the depletion layer capacitances 
Cgsj, CgS2 and CgSf between the gate and source just beneath the gate and 
transconductances gmi, gm 2 and gnif, the impedance Zo is given as follows: 
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Here, the cut-off frequency ft of FET is given as follows: 

fr = gmi/(2 k CgsO = gm 2 /(2 tu Cgs 2 ) = gm^(2 n Cgs f ) 
As shown in Fig. 12(a), an equivalent circuit is approximately equivalent to a parallel 
circuit of a resistor 54 having a resistance value of l/((f/fr) 2 /gnif) and an inductor 55 
having an inductance value of Cgsi/(gmigmf). However, when FET having a short gate 
length for microwave bands is used in frequency bands below f T /3, an equation (f/ fx) 2 = 
l/9< 1 holds, so that the imaginary term of the common denominator of the expression 
(1) becomes negligible. Thus, the impedance Z 0 is determined only by the inductance. 



Therefore, the FET circuit is loss-less, resulting in improved high-frequency 
characteristics than in the first conventional structure shown in Fig. 8. 

Next, in the third conventional structure shown in Fig. 10, suppose, for the 
simplicity of analysis, that the characteristics of FETs 31, 32, 33 and 34 are electrically 
identical, and that the impedance is determined only by the depletion layer capacitances 
Cgsi, Cgs 2 , CgSf and Cgs a between the gate and source just beneath the gate and 
transconductances gmi, gm2, gmf and gm a? the impedance Zo is given as follows: 
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Here, the cut-off frequency fj of FET is given as follows: 
10 f T = gmi/(2 7i Cgs,) = gm 2 /(2 n Cgs 2 ) = gnV(2 n Cgs f ) = gmj{2 n Cgs a ) 

As shown in Fig. 13(a), an equivalent circuit is approximately equivalent to a parallel 
circuit of a resistor 56 having a resistance value of 1/gmf and an inductor 55 having an 
inductance value of Cgsi/(gmigmf). Here, connecting a resistor 42 having a resistance 
value Ro=l/ gmf between the terminals 1 and 2 cancels out the negative resistance 
15 component in the equation (3), and the impedance Zo is determined only by the 
inductance. This indicates that the circuit functions as a loss-less active inductor. 

Fig. 1 shows a structure of an active inductor according to a first preferred 
embodiment of the present invention. A drain electrode D of a gate-grounded FET 1 1 
and a gate electrode G of a source-grounded FET 12 are cascade-connected to each other, 
20 and a drain-grounded FET 13 is connected that provides one-way feedback from a drain 
electrode D of FET 12 to a source electrode S of FET 11. Here, the drain electrode D 
and a source electrode S of FET 1 2 serve as terminals 1 and 2 of the inductor. In the 



drawing, a capacitor for blocking dc voltage is represented by C. 

In this structure, impedance Z 0 viewed from the terminals 1 and 2 toward FET 
12 will be obtained. Suppose, for the simplicity of analysis, that the characteristics of 
FETs 11,12 and 13 are electrically identical, and that the impedance is determined only 
5 by the depletion layer capacitances Cgsi, CgS2 and CgSf between the gate and source just 
beneath the gate and transconductances gmi, gm2 and gmf, the impedance Zo is given as 
follows: 

z ^—7-^ -W 

(K + l) jcoCgs, 

The ratio of the gate width of FET 1 1 to that of FET 13 is assumed as k to 1, and the 
10 cut-off frequency f T of FET is given as ft = gmi/(2 n Cgsi) = gm 2 /(2 n Cgs 2 ) = gmf/(2 it 
CgSf). As shown in Fig. 6(a), an equivalent circuit is approximately equivalent to a 
circuit of an inductor 21 having an inductance value of (k+l)CgSi/gmi 2 , and the 
inductance component alone is present up to the frequency ft . Therefore, the circuit 
functions as a loss-less active inductor. 
15 Fig. 2 shows a structure of an active inductor according to a second preferred 

embodiment of the present invention. A source electrode S of a drain-grounded FET 13 
and a source electrode S of a gate-grounded FET 1 1 are cascade-connected to each other, 
and a source-grounded FET 12 is connected that provides one-way feedback from a drain 
electrode D of FET 1 1 to a gate electrode G of FET 13. The drain electrode D and a 
20 gate electrode G of FET 1 1 serve as terminals 1 and 2 of the inductor. In the drawing, a 
capacitor for blocking dc voltage is represented by C. 

In this structure, impedance Zo viewed from the terminals 1 and 2 toward FET 
1 1 will be obtained. Suppose, for the simplicity of analysis, that the characteristics of 



FETs 13, 11 and 12 are electrically identical, and that the impedance is determined only 
by the depletion layer capacitances Cgsi, Cgs 2 and Cgs f between the gate and source just 
beneath the gate and transconductances gmi, gm 2 and gm f , the impedance Z 0 is given as 
follows: 



As shown in Fig. 7(a), an equivalent circuit is approximately equivalent to a circuit of an 
inductor 22 having an inductance value of Cgsi/(gmigm f ), and the inductance component 
alone is present up to the frequency f T . Therefore, the circuit functions as a loss-less 
active inductor. 

Fig. 3 shows a structure of an active inductor according to a third embodiment 
of the present invention. In the structure, a cascode-connection of a source-grounded 
FET 12 and a gate-grounded FET 1 1 provides one-way feedback from a source electrode 
S to a gate electrode G of a drain-grounded FET 13. Here, the source electrode S and a 
drain electrode D of FET 13 are used as terminals 1 and 2 of the inductor. In the 
drawing, a capacitor for blocking dc voltage is represented by C. 

In this structure, impedance Z 0 viewed from the terminals 1 and 2 toward FET 
13 will be obtained. Suppose, for the simplicity of analysis, that the characteristics of 
FETs 13, 12 and 11 are electrically identical, and that the impedance is determined only 
by the depletion layer capacitances Cgsi, Cgs f and Cgs a between the gate and source just 
beneath the gate and transconductances gmi, gm f and gm a , the impedance Z 0 is expressed 
as in the equation (5). 




...(5) 



Here, the cut-off frequency f T of FET is given as follows: 



fx = gmi/(2 7i Cgsi) = gm 2 /(2 tz Cgs 2 ) = gm^(2 k Cgs f ) 
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Therefore, an equivalent circuit is also the same as that in the second 
embodiment. More specifically, as shown in Fig. 7(a), the equivalent circuit is 
approximately equivalent to a circuit of an inductor 22 having an inductance value of 
Cgsi/(gmigmf), and the inductance component alone is present up to the frequency fr 
5 Therefore, the circuit functions as a loss-less active inductor. 

Fig. 4 shows a structure of an active inductor according to a fourth embodiment 
of the present invention. In the structure, a cascode connection of a gate-grounded FETs 

1 1 and 14 provides one-way feedback from a drain electrode D to a gate electrode G of 
a source-grounded FET 12. Here, the drain electrode D and a source electrode S of FET 

10 12 serve as terminals 1 and 2 of the inductor. In the drawing, a capacitor for blocking dc 
voltage is represented by C. 

In this structure, impedance Zo viewed from the terminals 1 and 2 toward FET 

12 will be obtained. Suppose, for the simplicity of analysis, that the characteristics of 
FETs 12, 11 and 14 are electrically identical, and that the impedance is determined only 

15 by the depletion layer capacitances Cgsi, Cgs f and Cgs a between the gate and source just 

beneath the gate and transconductances gmi, gm f and gm a , the impedance Z 0 is expressed 

as in the equation (5). 

Therefore, an equivalent circuit is also the same as those in the second and third 

embodiments. More specifically, as shown in Fig. 7(a), the equivalent circuit is 
20 approximately equivalent to a circuit of the inductor 22 having an inductance value of 

Cgsi/(gmigm f ), and the inductance component alone is present up to the frequency f T . 

Therefore, the circuit functions as a loss-less active inductor. 

Fig. 5 shows a structure of an active inductor according to a fifth embodiment 

of the present invention. In the present embodiment, capacitors having capacitances Ci, 
25 C2 and C3, respectively, are connected between the source electrode S and a gate 
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electrode G of FET 1 1 , between the source electrode S and the gate electrode G of FET 
12, and between the source electrode S and the gate electrode G of FET 13, respectively, 
in the structure of the first embodiment. 

Accordingly, the capacitance CgSi is replaced by (Ci+CgsO in the impedance 
5 Zo expressed by the equation (4). Compared to the first embodiment, the cut-off 
frequency fj is decreased, whereas the capacitance Cgs is increased equivalently, which 
enables to achieve larger inductance value than in the structure of the first embodiment. 
The same can be said in the second to fourth embodiments, in which the inductance value 
can be increased by connecting a capacitor between the source electrode S and the gate 
10 electrode G of each FET. 

Since an actual FET cannot be expressed only by the depletion layer 
capacitance Cgs and the transconductance gm, it is inevitable that frequencies cause loss 
to some extent. Further, negative resistance occurs at some frequencies. In that case, a 
resistor may be connected between the terminals 1 and 2 to cancel out the negative 
15 resistance component in order to cause the inductor to operate as a loss-less inductor. 

Furthermore, the transconductance gm is varied by varying voltage at a voltage 
applying point to the gate of FET, so that a voltage-adjusting type active inductor can be 
realized. 



